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(54) Automobile door impact beam 



(57) An improved strengthening or reinforcing mem- 
ber, and in particular an automotive vehicle door rein- 
forcing beam (14), constructed from uttra high strength 
steel is disclosed. The door reinforcing beam (14) has a 
substantially trapezoidal shaped cross-sectional geom- 
etry and optionally can include an additional reinforce- 
ment extending ever a central portion or the beam. In an 
alternative embodiment, a rounded outboard flange por- 
tion (26) can be substituted for a generally flat outboard 
flange portion. The door reinforcing beam exhibits a 
substantial improvement in load carrying capability for a 
given mass, as compared to door reinforcing beams 
having other cross-sectional geometries, such as hat- 
shaped cross-sectional geometries. 
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Description 

FIELD OF THE INVENTION 

[0001 ] This invention relates to a novel and improved s 
strengthening or reinforcing member of high strength 
steel that is adapted particularly for strengthening or 
reinforcing a metal panel or plat* More specifically, the 
invention relates to a novel and improved beam for rein- 
forcing an automotive vehicle door. w 

BACKGROUND OF THE INVENTION 

[0002] In the automotive vehicle industry today, it is 
necessary to comply with government regulations that is 
establish certain minimum strength requirements for the 
side doors of the vehicles. The purpose of such regula- 
tions is to rriramize the safety hazard caused by an 
intrusion into the passenger compartment in a side 
impact accident 20 
[0003] Various types of reinforcing door beams have 
been proposed to meet these requirements, ag.. tubu- 
lar steel beams, sheet steel stampings, and rofl formed 
high strength steel sections of various configurations. 
Engineers response for designing reinforcing door 25 
beams must contend with a number of requirements 
that often conflict with one another. For example, it is 
desirable to maximize the performance of reinforcing 
door beams by designing beams that absorb high loads 
(princpalry bencfing loads), deflect significarrtiy before 30 
failure, and absorb as much energy as possWe during 
the absorption of impact loads. At the same time, it is 
also desirable to minimize the weight and size of rein- 
forcing door beams. With regard to size, placement of a 
door reinforcing beam within an automobile door ss 
assembly makes it important for the door reinforcing 
beam to have a relatively small cross-sectional geome- 
try, in order to avoid interference with other structures 
and/or mechanisms within the door, such as those used 
to operate a window associated with the door. Suchsize 40 
and weight considerations can make it difficult to 
achieve the desired performance of reinforcing door 
beams for load capacity, deflection before failure, and 
impact energy absorption. 

[0004] Previously proposed door beams provided the as 
desired degree of high strength, but often presented 
other disadvantages. For example, martensrtic steel has 
limited ductility, thus placing some restrictions on the 
permissible cross sectional configurations obtainable by 
roll forming. Accordingly, past designs for door rein- so 
forcement members constructed of high strength mar- 
tensitic steel typically had cross-sectional geometries, 
such as. for example, a hat-shaped cross-sectional 
geometry, that buckled or spread on bending, thereby 
reducing mass effectiveness in providing side impact 55 
protection. 



SUMMARY OF THE INVENTION 

[0005] The present invention is directed to an 
improved rofl formed, ultra high strength steel beam 
having a dosed cross-sectional geometry. More partic- 
ularly, the present invention is directed to roll formed, 
ultra high strength steel beams having a dosed cross- 
sectional, and generally trapezoidal shaped, geometry. 
[0006] This is acconpOshed by forming the dosed 
cross-sectional geometry by induction welding opposite 
edges of the roll formed beam to one another. As used 
herein, the term "ultra high strength steel" means steel 
having a yield strength of 80 KSI (552 MPa) or higher. 
[0007] Other features and advantages are inherent in 
the methods and apparatus claimed and disclosed or 
will become apparent to those skilled in the art from the 
following detailed description in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The invention is described in detail below with 
reference to the accompanying drawings, in which: 

FIG. 1 is a side elevational view of an automotive 
vehide showing a reinforcing member in the side 
door of the vehide, in accordance with one embod- 
iment of the invention; 

FIG. 2 is a schematic cross-sectional view taken 
generally along the line 2-2 of FIG. 1 ; 
FIG. 3 is a schematic representation cf the reinforc- 
ing member when subjected to a commonly used 
bending force test; 

FIG. 4 is a cross-sectional view of the reinforcing 
member, taken generally along the line 44 of FIG. 
2; 

FIG. 4A is a cross-sectional view, similar to that of 
FIG. 4, showing a prior art reinforcing member; 
FIG. 5 is a cross-sectional view, similar to that of 
FIG. 4, showing a first alternative embodiment of 
the reinforcing member; and 
FIG. 6 is a cross-sectional view, similar to that of 
FIG. 4, showing a second alternative embedment 
of the reinforcing member. 

DETAILED DESCRIPTION 

[Q009] Referring to FIGS. 1 and 2, an automotive vehi- 
de 10 is shown which has a side door 11 formed from 
spaced inner and outer panel portions 12 and 13, 
respectively. An elongated reinforcing beam 14 is posi- 
tioned transversely within the door and is secured adja- 
cent the inside surface of the outer panel 13 by means 
of suitable end brackets, shown schematically as 16 
and 17. which transmit the load to the hinge and latch 
portions of the door structure, respectively. Typically, a 
gap of about 020 inches (about 5.0 mm) is provided 
between the inside surface of the outer panel 13 and the 
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reinforcing bar 14 with soft rubber "gum drops" (not 
shown) disposed within the gap. so that the outer panel 

13 is not deformed (La. creased) by relatively light 
loads applied to the outer panel 13. such as. for exam- 
ple, when a person simply leans against outer panel 1 3. 
As seen in FIG. 1. reinforcing beam 14 extends sub- 
stantiaOy horizontally across the width of side door 11 at 
approximately the waist height of an occupant seated in 
the vehicle However, other orientations of reinforcing 
beam 14 within side door 11 can also be used. 
[0010] Ahhough the invention is not limited to a spe- 
cific cross sectional configuration, the preferred config- 
uration can be described as generally trapezoidal- 
shaped. As illustrated in FIG. 4, reinforcing beam 14 
has a thickness t typically about 0.05 inches (about 
1.27 mm) to about 0.10 inches (about 2.54 mm), and 
includes a pair of angled web portions 22 and 24, an 
outboard flange portion 26, and an inboard flange por- 
tion 28. Reinforcing beam 14 has an overall height H. 
typically about 1 inch (about 2.5 cm) to about 1 .6 inches 
(about 4. 1 cm). Outboard flange portion 26. has a width 
W n> typically about 0.6 inches (about 1.5 cm) to about 
1.2 inches (about 3.1 cm), and is substantially shorter 
than inboard flange portion 28, which has a width W 2 . 
typically about 1 inch (about 2.5 cm) to about 1 .6 inches 
(about 4.1 cm). Inboard flange portion 28 is formed by 
welting opposite edges 30 and 32 of reinforcing beam 

1 4 to one another at a weld 34 after roll forming. Prefer- 
ably. weU 34 is an induction weld that extends substan- 
tially uninterrupted along substantially the entire length 
of reinforcing beam 14. 

[0011] The prevailing government strength require- 
ments for the side doors of motor vehicles are defined in 
the Federal Motor Vehicle Safety Standard No. 214 
which specifies a certain minimum crush resistance for 
the vehicle when subjected to a specified test proce- 
dure. FIG. 3 is a schematic illustration of a beam test 
procedure used to assess side impact performance in 
connection with the vehicle door illustrated in FIGS. 1 
and 2. As noted above, reinforcing beam 1 4 is mounted 
within door 11 so that the outboard flange portion 26 of 
reinforcing beam 14 is adjacent the inside surface of 
outer panel 23 and thus receives the initial deflecting 
force of a simulated impact In the test procedure, a 
loading device or ram consisting of a rigid cylinder 36 of 
specif ied dimensions is used to apply a load to the outer 
surface of door panel 13 in an inward direction, as indi- 
cated by the large arrow, at a specified rate of travel. 
During the test the applied load and the displacement 
are recorded either continuously or in increments, and 
from these data, the initial, intermediate, and peak 
crush resistances are determined. As seen in FIG. 3. 
the bending of reinforcing beam 14 during the test 
places outboard flange portion 26 in compression, 
inboard flange portion 28 in tension, and angled web 
portions 22 and 24 primarily in shear. 
[0012] As an example, reinforcing beam 14 made from 
AISI Grade 190 SK high strength steel has been tested 



in bending and has been found to have the following 
capabilities for a 40 inch span having a thickness t of 
about 0.068 inches (about 1.73 mm), W, of about 0.85 
inches (about 2.1 6 cm), W 2 of about 1 .29 inches (about 
5 3.28 cm), and H of about 1 .36 inches (about 3.45 cm): 

Weight per unit length = 0.98 pounds/foot (1.46 
Kc/m) 

Peak load = 2,714 pounds (12,072 N) 
w Deflection before drop in load = 4.5 inches (1 1 .43 
cm) 

Energy at 6" deflection = 11,687 inch-pouncte 
(1,320 N-m) 

Energy at T deflection = 13,301 incfvpounds 
is (1.503N-m) 



[0013] For comparison, a prior art reinforcing beam 
made from the same type and thickness of steel, but 
having a hat-shaped cross-sectional geometry, as iltus- 
20 trated in FIG. 4A, with a top width. W t of about 1.40 
inches (about 3.56 cm), an overall width W Q of about 
2.65 inches (about 6.73 cm), and a height H of about 
1 .34 inches (about 3.40 cm) , was found to have the fol- 
lowing capabilities for a 40 inch (101.6 cm) span: 

25 

Weight per unit length = 1.06 pounds/foot (1.58 
Kg/hi) 

Peak load = 2,727 pounds (12,130 N) 
Deflection before drop in load = 2.75 inches (7.00 
so cm) 

Energy at 6" deflection = 10.305 inch-pounds 
(1,164 N-m) 

Energy at T deflection = 11.411 inch-pounds 
(1,289 N-m) 

35 

[0014] FK3. 5 iDustrates a first artemative embedment 
of the invention in which a reinforcing beam 114 is sub- 
stantially identical to reinforcing beam 14 of FIGS. 1 
through 4. However, reinforcing beam 1 14 includes an 

40 additional ultra high strength steel reinforcement 140 
having a length of about 6 inches (about 15.24 cm) to 
about 1 2 inches (30.48 cm) and extending over at least 
the central part of its span. Reinforcement 140 prefera- 
bly has a thickness of no more than about naff of the 

45 thickness t of reinforcing beam 114 (e.g., no more than 
about 0.034 inches (about 0.86 mm) for a reinforcing 
beam 114 having a thickness t of about 0.068 inches 
(about 1.73 mm)) and is secured to the interior surface 
of an outboard flange portion 126 of reinforcing beam 

so 114 by any suitable means, such as, for example, by 
spring action against the interior surface of reinforcing 
beam 114. Reinforcement 140 adds further impact 
absorbing capability for reinforcing beam 1 14, as com- 
pared to reinforcing beam 14, by delaying the onset of 

55 buckling of outboard flange portion 126 when subjected 
to an impact load. 

[0015] FIG. 6 illustrates a second alternative embodi- 
ment of the invention in which a reinforcing beam 214 is 
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configured and sized similarly to reinforcing beam 1 4 of 
FIGS. 1 through 4. However, reinforcing beam 214 
includes a rounded outboard flange portion 226 instead 
of the substantially flat outboard flange portion 26 of 
reinforcing beam 14. Rounded outboard flange portion 
226 preferably has an inner radius of curvature R1 of 
about 0.30 inches (about 0.76 cm) to about 0.6 inches 
(about 1.52 cm). 

[0016] It is believed that for optimal performance, a 
reinforcing beam in accordance with the invention hav- 
ing a flat outboard flange portion should have the out- 
board flange portion width Wi on the order of about 14 
times the thickness t of the reinforcing beam, or less. 
The outboard flange portion with W 1 should also be 
equal to or less than 0.75 times the inboard flange por- 
tion width W 2 , in order to avoid excessive strain in ten- 
sion on the inboard flange portion during bending that 
occus if the cross-sectional geometry approaches a 
substantially square shape. 

[0017] Similarly, it is believed that, for optimal perform- 
ance, a reinforcing beam having a rounded outboard 
flange portion in accordance with the invention should 
have the inner radius of curvature R1 on the order of 
about 9 times the thickness t of the reinforcing beam, or 
less, 

[0018] The foregoing detailed description has been 
given for clearness of understanding only, and no 
unnecessary li mi t a t i on s should be understood there- 
from, as modifications will be obvious to those skilled in 
the art 

[0019] The features disclosed in the foregoing 
description, in the following claims and/or in the accom- 
panying drawings may. both separately and in any com- 
bination thereof, be material for realising the invention in 
diverse forms thereof. 

Claims 

1. A door impact beam for an automobile, said door 
impact beam comprising: 

* an elongated beam made from ultra high 
strength steel and having a thickness and hav- 
ing a closed cross-sectional geometry that is 
substantially trapezoidal shaped; 
wherein said closed cross-sectional geometry 
includes an inboard flange portion and an out- 
board flange portion, wherein said outboard 
flange portion has a width substantially equal 
to or less than fourteen times the thickness of 
the beam and equal to or less than about 0.75 
times the width of the inboard flange portion. 

2. The door impact beam of claim 1, wherein the 
beam is formed from a single sheet of ultra high 
strength steel and the closed cross-sectional geom- 
etry is formed by wekfing opposite edges of the sin- 
gle sheet to one another. 



3. The door impact beam of claim 2, wherein the 
closed cross-sectional geometry is formed by weld- 
ing opposite edges of the single sheet to one 
another using an induction weld that extends sub- 

5 stantiaDy uninterrupted along substantially the 
entire length of the door impact beam. 

4. The door impact beam of any one of claims 1 to 3, 
wherein the beam further includes an additional 

10 reinforcement dsposed within the interior of the 
closed cross-section of the beam, said additional 
reinforcement being disposed across at least the 
outboard flange portion and extending over at least 
a portion of the length of the beam. 

is 

5. The door impact beam of claim 4, wherein the addi- 
tional reinforcement extends over a central portion 
of the length of the beam. 

20 6. A door impact beam for an automobile, said door 
impact beam comprising: 

an elongated beam made from ultra high 
strength steel and having a dosed cross-sec- 
25 tional geometry that is substantially trapezoidal 

shaped; 

wherein said closed cross-sectional geometry 
includes an inboard flange portion and an out- 
board rounded flange portion, wherein said 
30 outboard rounded flange portion has an inner 

radius of curvature substantially equal to or 
less than rune times said thickness. 

7. The door impact beam of claim 6, wherein the 
35 beam is formed from a single sheet of ultra high 
strength steel and the closed cross-sectional geom- 
etry is formed by welding opposite edges of the sin- 
ge sheet to one another. 

40 8. The door impact beam of claim 6, wherein the 
closed cross-sectional geometry is formed by weld- 
ing opposite edges of the single sheet to one 
another using an induction weld that extends sub- 
stantially uninterrupted along substantially the 

45 entire length of the door impact beam. 
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